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Improved rime optimization algorithm for 3D path planning
of unmanned aerial vehicles
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(Key Laboratory of Modern Manufacturing Technology, Ministry of Education, Guizhou University,Guiyang 550025, China)

Abstract: The rime optimization algorithm (RIME) is an intelligent optimization algorithm inspired by the natural
growth process of rime. It demonstrates strong optimization capability by employing a soft rime strategy for global
search and a hard rime strategy for local exploitation. However, RIME suffers from slow convergence and a tendency
to fall into local optima during applications. To address these issues, this paper proposes an improved rime
optimization algorithm (IRIME). First, a dynamic centroid guidance strategy is introduced in the early stages of the
algorithm, significantly enhancing convergence speed. Second, an improved differential mutation operator is
incorporated into the later iterations to effectively reduce the risk of the algorithm becoming trapped in local optima.
Additionally, a novel centroid boundary adjustment strategy is designed to enable collaborative optimization of accuracy
and efficiency by deeply exploiting population information. Experiments conducted using the CEC2017 benchmark set
demonstrate that IRIME outperforms PPSO, AGWO, HPHHO, RIME, and SRIME in optimization performance.
Furthermore, IRIME is applied to the three-dimensional path planning problem for UAVs. The results indicate that
IRIME provides substantial improvements in solution quality, convergence stability, and computational efficiency.,
offering an effective solution for complex engineering optimization problems.
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Fig.1 RIME's flow chart
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Table 1 Review CEC2017 test suite in detail

ki3] £ ik €4 WRUHE 4 RIER

CEC2017-F1 Shifted and Rotated Bent Cigar Function [—100,100] 30 100

RS CEC2017-F2 Shifted and Rotated Sum of Different Power Function [—100,100] 30 200

CEC2017-F3 Shifted and Rotated Zakharov Function [—100,100] 30 300

CEC2017-F4 Shifted and Rotated Rosenbrock's Function [—100,100] 30 400

CEC2017-F5 Shifted and Rotated Rastrigin's Function [—100,100] 30 500

CEC2017-F6 Shifted and Rotated Expanded Scaffer's F6 Function [—100,100 ] 30 600

LA CEC2017-F7 Shifted and Rotated Lunacek Bi Rastrigin Function [—100,100] 30 700

CEC2017-F8 Shifted and Rotated Non-Continuous Rastrigin’'s Function [—100,100] 30 800

CEC2017-F9 Shifted and Rotated Levy Function [—100,100] 30 900
CEC2017-F10 Shifted and Rotated Schwefel’s Function [—100,100] 30 1 000
CEC2017-F11 Hybrid Function 1 (N=3) [—100,100] 30 1100
CEC2017-F12 Hybrid Function 2 (N=3) [—100,100] 30 1 200
CEC2017-F13 Hybrid Function 3 (N =3) [—100,100] 30 1 300
CEC2017-F14 Hybrid Function 4 (N =4) [—100,100] 30 1 400

A CEC2017-F15 Hybrid Function 5 (N =4) [—100,100] 30 1 500
. CEC2017-F16 Hybrid Function 6 (N=4) [—100,100] 30 1 600
CEC2017-F17 Hybrid Function 6 (N =5) [—100,100] 30 1700
CEC2017-F18 Hybrid Function 6 (N =5) [—100,100] 30 1 800
CEC2017-F19 Hybrid Function 6 (N =5) [—100,100] 30 1 900
CEC2017-F20 Hybrid Function 6 (N =6) [—100,100] 30 2 000
CEC2017-F21 Composition Function 1 (N =3) [—100,100] 30 2 100
CEC2017-F22 Composition Function 2 (N =3) [—100,100] 30 2 200
CEC2017-F23 Composition Function 3 (N =4) [—100,100] 30 2 300
CEC2017-F24 Composition Function 4 (N =4) [—100,100] 30 2 400

g CEC2017-F25 Composition Function 5 (N =5) [—100,100] 30 2 500
o CEC2017-F26 Composition Function 6 (N =5) [—100,100] 30 2 600
CEC2017-F27 Composition Function 7 (N =6) [—100,100] 30 2 700
CEC2017-F28 Composition Function 8 (N =6) [—100,100] 30 2 800
CEC2017-F29 Composition Function 9 (N =3) [—100,100] 30 2 900
CEC2017-F30 Composition Function 10 (N =3) [—100,100] 30 3 000

K2 ZREEEFRTASHRE

Table 2 Competitor algorithm detailed parameter settings
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Table 3 Experimental results of different competitor algorithms at CEC 2017 (Dim=30)
Eg] B PPSO AGWO HPHHO RIME SRIME IRIME
CEC2017-F1  F¥{H  3.348 8X10" 1.364 5X10"° 2.520 2X10° 3.734 6X10°  4.175 6X10° 3.646 4X10°
FRifEZ 2,515 4X107  3.044 0X10° 1.175 0X10° 1.523 4X10° 1.757 6X10° 3.410 6 X10°
CEC2017-F2 M 7.212 6X10% 8.737 9X10”° 1.000 0X10* 2.5012X10" 3.756 1 X107 1.204 0X 10"
PR 3.793 3X10%  4.342 2X10* 0. 000 0 4.750 4X 10" 8.392 1X10" 4.199 3X10"
CEC2017-F3  F#{E  3.100 7X10* 7.251 7X10" 4.883 5X10" 5.140 6X10" 5.127 4X 10" 6.494 0X 10"
FRIEZE  1.336 3X10"  1.0225X10"  9.594 0X10° 1.819 9X10" 2.161 9X10" 1.932 4X10"
CEC2017-F4  F¥{E  5.460 1X10° 1.997 4X10° 7.191 4X10* 5.303 6X10* 5.333 5X10° 5.097 0X 10’
FRifEZE 2,579 8X10'  9.673 7X10°  1.111 4X10° 3.179 3X10" 2.915 2X10" 2.937 610"
CEC2017-F5  “FH#{H  7.390 0X10° 7.882 6X10° 7.712 7X10* 6.129 3X10° 6.767 4X10° 5.634 2X10*
PR 3,703 6X 10" 2.391 2X 10" 3.602 2X10" 3.6385X10" 4.016 8X10' 1.837 3X 10
CEC2017-F6  FH¥I{H  6.615 1X10° 6.641 4X10°  6.625 9X10*  6.133 6X10*°  6.436 5X10° 6.017 6X10°
FREZE  1.039 1X10' 8.872 0 6.593 3 6.425 4 1. 810 9X10' 2.130 6
CEC2017-F7  F¥{E  1.204 0X10° 1.135 1X10° 1.264 5X10° 8.667 4X10* 9.675 5X10° 7.966 2X 10’
FRifEZ 8.655 6X 10"  5.651 2X 10"  8.452 6X10"  3.326 6X10"  6.197 0X10' 1.898 7X10'
CEC2017-F8  “FH{H  9.891 0X10° 1.018 6X10° 1.013 5X10° 9.218 5X10° 9.692 8X10* 8.650 7X10*
PR 3,177 6X10"  2.129 3X10'  2.5825X10"  2.9335X10"  4.5453X10" 1.493 1X10'
CEC2017-F9  F#¥{H  5.9253X10° 6.664 0X10° 6.639 1X10° 2.687 0X10° 5.019 1X10° 1.138 4X10°
PR 1,318 3X10°  1.416 8X10°  6.172 3X10° 1.239 0X10*  2.319 6X10° 4.905 2X 10’
CEC2017-F10  “F#{H  5.861 2X10*  7.336 6X10°  6.164 0X10° 4.826 5X10° 5.141 1X10° 4.433 0X10°
FRUfEZ 9.267 1X10°  8.308 9X10°  4.938 9X10°  5.484 4X10° 7.707 9X10* 6.521 2X10°
CEC2017-F11  F¥{H  1.327 8X10°  4.584 0X10° 1.6255X10° 1.342 7X10° 1.359 4X10° 1.228 8X10°
PR 5.573 8X 10" 2.008 6X10°  1.442 8X10° 7.472 4X10"  8.433 1X10' 4.043 7X10'
CEC2017-F12  “F#{H  2.057 3X10"  8.513 7X10° 1.552 6X10° 2.033 8 X107 1.693 8X10" 3.544 0X10°
FRufEZ 2,250 8X107  8.4650X10° 1.352 0X10° 1.847 9X10" 1.834 9X10" 2.307 7X10°
CEC2017-F13  FH{H  2.294 1X10°  2.634 0X10°  4.126 2X10° 2.132 7X10° 1.879 5X10° 2.737 8X10*
FrUEZE  8.237 4X10°  5.047 8X10° 5.635 6X10° 3.3553X10° 2.8024X10° 1.683 0X10*
CEC2017-F14  Fi#{  4.5029X10* 8.474 9X10° 7.667 5X10°  9.428 3X 10"  6.540 4X10" 2.217 7X10°
FRiEZ  6.908 1X10"  6.242 9X10°  6.854 1X10°  8.423 3X10° 5.088 0X10* 2.748 §X10°
CEC2017-F15  “F#{H  1.189 2X10*  6.965 3X10°  7.836 0X 10" 2.149 9X 10" 2.093 1X10" 1.204 0X10*
FRufEZ 1,239 6X10"  2.339 2X 107  8.451 1X10" 1.496 8X10" 1.408 1X10" 1.164 0X10*
CEC2017-F16  FH{H  3.035 2X10°  3.3127X10° 3.351 9X10° 2.714 7X10° 2.989 0X10° 2.5751X10°
FRUEZE  3.403 1X10°  4.1954X10°  5.367 2X10° 3.333 1X10° 2.907 8X10> 3.150 3X10°
CEC2017-F17  “F#{H  2.620 3X10°  2.395 5X10° 2.303 3X10° 2.189 3X10° 2.311 1X10° 2.097 6X10°
FRUEZ  3.0353X10°  1.960 0X10* 2.348 6X10°  2.390 1X10* 2.095 1X10* 2.200 8X10°
CEC2017-F18  “F#{ 2.837 7X10° 7.0751X10° 2.102 0X10° 1.863 4X10° 1.423 4X10° 1.348 7X10°
FRfEZ  3.144 0X10°  1.582 3X 107  2.369 0X10° 2.071 1X10° 1.590 7X10° 1.799 3X10°
CEC2017-F19 P  3.159 3X10" 1.2923X107 1.726 7X10° 1.9454X10" 1.823 6X 10" 1.230 1X10*
PR 7.381 8X 10" 3.389 3X107  2.283 1X10° 1.560 1X10" 1.243 6X10* 1.244 1X10"
CEC2017-F20  ¥¥H  2.721 3X10°  2.649 2X10°  2.669 0X10° 2.564 4X10° 2.691 1X10° 2.443 7X10°
FRIEZ 2,288 3X10°  2.373 7X10°  2.351 4X10° 1.970 0X10* 2.065 6X10° 1.784 6X10*
CEC2017-F21  “F3{H  2.543 2X10*  2.555 1X10°  2.565 1X10°  2.420 2X10°  2.462 4X10° 2.373 6X10°
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Continuation table 3
£l EELAD PPSO AGWO HPHHO RIME SRIME IRIME
PRUEZE 5,712 0X10"  3.598 4X 10"  5.268 0X 10" 2.990 1X10" 4.086 5X10" 1.9757X10"
CEC2017-F22  “F¥H  6.1151X10° 5.139 8X10° 5.218 9X10° 4.333 3X10° 5.965 4X10° 4.623 9X10°
FRAEZE 2,299 4X10°  2.094 2X10°  2.454 0X10° 1.987 1X10° 1.781 8X10° 1.8655X%X10°
CEC2017-F23  “E¥{H  3.091 9X10°  3.075 8X10°  3.006 8X10° 2.787 6X10° 2.865 0X10° 2.734 8X10°
FrdfEZ 1,123 4X10°  5.636 4X10"  8.690 1X10' 3.291 6X10" 7.7151X10" 2.813 4X10"
CEC2017-F24  “F¥{H  3.285 6X10° 3.267 8X10° 3.201 2X10° 2.952 8X10° 2.996 9X10° 2.889 4X10°
FRUEZ  1.194 0X10*  5.200 2X10" 8.010 4X10' 4.171 1X10" 6.173 7X10" 2.524 5X10'
CEC2017-F25 FI9{H  2.967 1X10° 3.245 7X10° 3.068 7X10° 2.924 4X10° 2.934 5X10° 2.900 8 X 10°
FRAEZE 2,274 4X10°  1.076 2X10°  3.942 5X 10" 2.036 8X10' 3.671 9X10" 2.149 4X10'
CEC2017-F26  “F¥MH  7.6450X10° 7.288 5X10°  6.636 0X10° 5.129 1X10° 5.614 8X10° 4.403 0X10°
FRUEZ  1.520 8X10°  8.243 9X10*° 1.609 4X10° 7.907 7X10° 7.952 4X10° 5.573 7X10°
CEC2017-F27 “F¥{H  3.432 7X10°  3.504 6X10° 3.358 9X10° 3.242 7X10° 3.2752X10° 3.231 7X10°
b 1 . 730 7X10° . 207 6X10 L0910 9X 10" 1.838 0X10'  3.641 3X10" 1.223 1X10
FREZE 1 X1 8.2 X108 X 10 838 02X 10" 1 10" X 10"
CEC2017-F28 F¥9fH  3.3159X10° 3.987 8X10° 3.4855X10° 3.281 7X10° 3.290 7X10° 3.254 5X10°
FRUEZE 2,744 0X10'  2.434 6X10*°  1.486 0X10° 1.896 7X10' 3.795 0X10' 3.406 0X10'
CEC2017-F29  “E¥MH  4.650 1X10°  4.801 2X10°  4.433 5X10°  4.056 3X10° 4.131 0X10° 3.830 0X10°
FRUEZE 4,413 4X10°  3.328 1X10°  2.490 0X10°  2.260 6X10° 2.377 5X10° 1.634 0X10?
CEC2017-F30 “F¥{H  6.439 4X10°  2.909 5X10" 1.087 7X10" 7.7758X10° 7.763 9X10° 1.377 7X10°
PRUEZE  8.3250X10°  2.1754X107  9.853 0X10° 9.001 6X10° 5.454 4X10° 1.091 3X10°
x4 AEAESHBELE CEC 2017 EHMBELEE
Table 4 Performance comparison of different competitor algorithms at CEC 2017
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Table 5 Results of UAV 3D path planning experiment

Bk AL A ) A 22 WA FE AR PRiEZE TERHEA
PPSO 72.950 72 73.118 50 84.083 93 73.760 21 2.236 03 5
AGWO 73.349 67 75.909 97 84.127 11 76. 867 89 2.980 92 6

HPHHO 72.958 44 73.037 18 73.357 98 73.076 56 0.109 80 2

RIME 73.009 81 73.201 45 73.715 14 73. 280 65 0.216 39 4
SRIME 72.997 00 73.137 52 73.665 00 73.238 79 0.203 39 3
IRIME 72.924 05 72.984 23 73.472 32 73.068 00 0.171 08 1
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